Objectives To determine whether long-term, continuous use of inhaled anti-inflammatory medications affects asthma outcomes in children with mild to moderate asthma after use is discontinued. 
A sthma is a disease of chronic airway inflammation characterized by reversible airway obstruction and increased airway responsiveness. 1, 2 Inhaled anti-inflammatory therapy provides improved asthma symptom control and pulmonary function. 1, 3, 4 Inhaled corticosteroids (ICS) have been shown to be the most effective form of anti-inflammatory therapy, with benefits for periods of more than 1 year reported in controlled clinical trials.
5, 6 The Childhood Asthma Management Program (CAMP) was a randomized clinical trial comparing 3 treatments for mild to moderate asthma. 5, 7 CAMP demonstrated that budesonide 200 g twice daily led to significantly lower airway responsiveness to methacholine, fewer hospitalizations, fewer urgent care visits, greater reduction in the need for albuterol to reduce symptoms, fewer courses of prednisone, and a smaller percentage of days in which additional asthma medications were needed, compared with placebo over a 4.3-year period. 5 The CAMP trial also found that nedocromil 8 mg twice daily significantly reduced urgent care visits and courses of prednisone compared with placebo but did not affect airway responsiveness, symptoms, or hospitalizations. 5 Budesonide increased forced expiratory volume in 1 second (FEV 1 ) after bronchodilator use in the first year of the trial, but neither budesonide nor nedocromil had an impact on this measure of lung function at the end of the trial. 5 Side effects of budesonide were limited to a small reduction in height; neither treatment had a detrimental impact on bone density, fracture rate, or psychological measures. 5 Although asthma control was improved in the patients treated with anti-inflam-
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Bone mineral density CAMP Childhood Asthma Management Program FEV 1 Forced expiratory volume in one second FVC Forced vital capacity ICS Inhaled corticosteroids NAEPP National Asthma Education and Prevention Program RR Relative risk matory medications during the 4.3 years of the CAMP trial, the long-term benefits and safety of these medications, particularly ICS, remained to be determined. Consequently, patients enrolled in the CAMP trial were reenrolled in an observational posttrial follow-up study to determine whether the 4.3 years of regular anti-inflammatory treatment, once discontinued, had an influence on asthma control, pulmonary function as measured by prebronchodilator and postbronchodilator spirometry, airway lability, physical growth, bone density, and psychological status.
METHODS
Children age 5 to 12 years with mild to moderate asthma, defined by the presence of symptoms or by the use of an inhaled bronchodilator at least twice weekly or daily medication for asthma, enrolled in the CAMP trial between December 1993 and September 1995. 7 At the time of enrollment, each child's airway responsiveness to methacholine, as indicated by the concentration of the drug that caused a 20% decrease in the FEV 1 , was Յ 12.5 mg/mL. 
Follow-Up After Study Medication Discontinuation
At the end of the CAMP trial, study medication (budesonide Turbuhaler [AstraZeneca, Westborough, Massachusetts] 200 g twice daily or nedocromil 8 mg twice daily vs matching placebos) was discontinued, and participants were followed by the CAMP investigators during a washout period for 8 calendar months (March through October 1999) . Although the goal was to treat all patients with albuterol alone during this washout period, patients who were using open-label asthma medications in addition to the study medication continued on those medications, and patients whose asthma was judged too severe to tolerate albuterol alone were prescribed open-label asthma medication according to National Asthma Education and Prevention Program (NAEPP) guidelines. Each participant was seen twice during the washout period, once for a methacholine challenge and once for prebronchodilator and postbronchodilator spirometry. Initiation of medication for asthma, prednisone use, urgent care use, and hospitalizations were reported by the participants or their parents to clinic staff during the washout period. At the end of the washout period, the participants were invited to enroll in a 4.5-year posttrial follow-up study, during which care was advised based on NAEPP guidelines 1, 8 in communications to the primary care physicians. Each participant's parent or guardian signed a written informed consent approved by the local institutional review board, with reconsent provided by the participant himself or herself at age 18 years.
During the posttrial follow-up study initiated in November 1999, participants were seen twice yearly in a CAMP clinic and were interviewed by telephone twice yearly (between clinic visits). One of the annual clinic visits included prebronchodilator and postbronchodilator spirometry; this visit was timed to occur on the participant's randomization anniversary. The second annual visit included prebronchodilator spirometry and a methacholine challenge (a challenge was not performed within 28 days of an upper respiratory tract infection or the use of prednisone for exacerbation of asthma), timed to occur about 6 months from the participant's randomization anniversary. At each visit, the study coordinator queried the participant (or the parents, depending on the participant's age) about health history since the previous contact, reviewed medicines used for asthma in the preceding 7 days, and asked about the number of courses of oral corticosteroids used since the last contact. Height (measured with a Harpenden stadiometer [Holtain Limited, Crosswell, Crymych, Pembrokeshire, UK]) and weight were measured at each visit. Sexual maturation was assessed by Tanner staging annually up to age 18 years, or until Tanner stage 5 in all parameters was measured on 2 consecutive examinations.
The telephone interviews used the same interim health history and medication use questionnaire used during the twice-yearly clinic visits, giving a total of 4 interviews per year. Medication use over the preceding 7 days was assumed to represent use in the 3 months since the last contact.
Bone density (total bone mineral density [BMD] of the spine from L1 to L4, in g/cm 2 ) was measured at 7 and 9 years after randomization by dual-energy X-ray absorptiometry using a Hologic or a Lunar scanner with either a fan or pencil beam (Hologic; Bedford, Massachusetts, and Lunar Corporation; Madison, Wisconsin). The Lunar measures were standardized to the Hologic measures by the following equation: Hologic BMD ϭ 0.885 ϫ Lunar BMD. 9 As patients grow taller, the pencil and fan beam values deviate from one another, necessitating further correction. 9 Pencil beam values for participants of height Ն 1.4 m were standardized to fan beam values by the following equation: fan beam BMD ϭ pencil beam BMD ϩ 0.0549. 10 These corrections were sufficient for pooling the Hologic and Lunar values, except for the Lunar values from the Denver clinic; no amount of adjustment allowed the pooling of those values with the others.
The Child Behavior Checklist 11 was completed annually by a parent for participants under age 18 years. The Pediatric Asthma Quality of Life questionnaire 12 was completed annually by participants.
Information obtained during each visit, including spirometry, symptoms, and medication requirements, was used to recommend treatment in accordance with the NAEPP guidelines 1, 8 in a letter to the participant's primary care provider after each clinic visit.
Statistical Analysis
The outcome measures and statistical methods parallel the measures and methods used in the report of the primary results, 5 but with outcome measures defined during the 4.8 years of posttrial follow-up after discontinuation of continuous use of study medication according to the trial protocol. Each participant was included in the treatment group assigned at randomization regardless of the course of subsequent treatment for asthma (intention-to-treat analysis). The mean differences between the budesonide or nedocromil group and the placebo group in terms of age, duration of follow-up, and percentage of time receiving asthma treatment during the posttrial period were assessed using t-tests. Rates of morbidity outcomes (ie, prednisone courses, urgent care visits due to asthma, hospitalizations due to asthma, fractures) during the posttrial period were calculated as the number of outcome events occurring during the posttrial period divided by the number of person-years of posttrial follow-up. Relative risks (RRs) of each morbid outcome, comparing the budesonide or nedocromil group with the placebo group, were calculated using multivariate Poisson regression with an offset for the person-years of follow-up. 13 Differences in means of continuous outcomes, comparing the budesonide or nedocromil group with the placebo group, measured at the end of the posttrial period (ie, prebronchodilator and postbronchodilator lung function, airway lability, physical growth, psychological, and quality-of-life measures) were determined from multivariate linear regression models for each continuous outcome. The multivariate Poisson and linear regression models included 2 binary variables to indicate the budesonide or nedocromil treatment group, along with the following 8 covariates: the value of the outcome measure at randomization (continuous outcomes only), age at randomization, race or ethnic group (African American, Hispanic, or other; 2 indicator variables), sex, clinic (7 indicator variables), duration of asthma at randomization (at least 7 years, less than 3 years, or other; 2 indicator variables), severity of asthma at randomization (moderate vs mild), and skin test reactivity at randomization (any reactivity vs none). Adjusted means for each continuous posttrial outcome measure in each treatment group were derived from the regression model using mean values for all covariates except treatment group indicators. 14 The statistical significance of differential treatment effects on height in males and females, comparing the budesonide or nedocromil group with the placebo group, was assessed by adding a sex-by-treatment group interaction term to the multivariate regression model for posttrial mean height. Adjusted mean values for each measure of morbidity, lung function after the use of a bronchodilator, and bronchodilator reversibility during the 9 years of follow-up after randomization to the budesonide, nedocromil, or placebo group were derived from the regression model using mean values for all covariates except treatment group indicators and replacing the treatment group indicators with indicator variables for each treatment by follow-up assessment time combination.
The P values presented for all analyses are 2-sided and are not adjusted for multiple comparisons. The multivariate Poisson regression analyses were performed using Stata release 9 (StataCorp, College Station, Texas); all other analyses were performed using SAS version 6.12 (SAS Institute Inc, Cary, North Carolina).
RESULTS

Study Population and Completion of Follow-Up
Approximately 90% of the original CAMP cohort (941 of 1041) enrolled in the posttrial follow-up study. The enrollees were similar to the nonenrollees in all aspects except with respect to clinic; the percentage of enrollment of participants at the various clinics ranged from 78% to 99% (P Ͻ .001) ( Table I ; available at www.jpeds.com). Despite the 10% nonenrollment across the original cohort, the participants in the budesonide, nedocromil, and placebo groups who enrolled in the follow-up study were similar with respect to characteristics at CAMP randomization (Table II ; available at www.jpeds. com). At the end of the posttrial follow-up period, age and duration of follow-up were similar in the 3 groups (Table III; available at www.jpeds.com). The percentage of scheduled visits completed during the posttrial follow-up period exceeded 96% in each group. The mean duration of follow-up in the posttrial period was 4.8 Ϯ 0.5 years.
Treatment for Asthma During the Posttrial Follow-Up Period
Treatment for asthma reported by the participants in the posttrial follow-up period was similar in the budesonide, nedocromil, and placebo groups (Table III) . The mean percentage of time using ICS was approximately 30% in each group. The mean percentage of time using no medication for asthma ranged from 42% to 45% in the 3 groups.
Asthma Morbidity
During the posttrial follow-up period, the budesonide group had 29% fewer prednisone courses (P ϭ .05) and 36% fewer urgent care visits (P ϭ .05) compared with the placebo group (Table III; Figure) . However, 15 and 32 participants, respectively, would need to be treated with budesonide regularly for 4.3 years to prevent 1 prednisone course per year and 1 urgent care visit per year after discontinuation of treatment.
Prednisone courses and urgent care visits did not differ significantly between the nedocromil and placebo groups (Table III; Figure) . Twenty-six and 59 participants, respectively, would need to be treated with nedocromil regularly for 4.3 years to prevent 1 prednisone course per year or 1 urgent care visit per year after discontinuation.
Spirometry
No differences between either the budesonide or nedocromil group and the placebo group were seen in FEV 1 % of predicted or forced vital capacity (FVC) % of predicted both before and after bronchodilator use at the end of the posttrial follow-up (Table III; Figure) . FEV 1 /FVC was significantly higher in the nedocromil group before (P ϭ .02), but not after (P ϭ .06), bronchodilator treatment compared with the placebo group.
Airway Lability
No differences between either the budesonide or nedocromil group and placebo were seen in bronchodilator reversibility at the end of the posttrial follow-up (Table III) . Methacholine responsiveness in the budesonide group returned to placebo level by the end of washout 5 and remained similar to placebo at the end of the posttrial follow-up (Table  III) . There was no difference in methacholine responsiveness between the nedocromil and placebo groups.
Possible Medication Side Effects
The statistically significant decreased height in the budesonide group relative to the placebo group observed at the end of the trial (1.1 cm; P ϭ .005) persisted, with a decrease of 0.9 cm (P ϭ .01) at end of posttrial follow-up. This height decrease was observed in girls (1.7 cm; P ϭ .001) but not in boys (0.3 cm; P ϭ .49; interaction, P ϭ .03). Some 25% of the girls and 54% of the boys had not yet achieved adult height by the end of the posttrial follow-up. There were no differences during posttrial follow-up between either the budesonide or nedocromil group and the placebo group in rate of fractures, development of sexual maturation, or any of the psychological or asthma-specific quality-of-life measures examined (Table III) .
DISCUSSION
Compared with placebo, regular use of budesonide and, to a limited extent, nedocromil improved clinical measures of asthma control during the 4.3-year CAMP treatment period.
5
But after the study medications were discontinued and treatment was managed by the participants' primary care physicians, asthma morbidity (including prednisone courses and urgent care use) and asthma medication use were not appreciably affected by earlier long-term treatment with either medication. The 29% reduction in prednisone courses and 36% reduction in urgent care visits after study medication discontinuation in the budesonide group relative to the placebo group must be considered in the context of the very low rates of these events in all groups during the posttrial follow-up period (Figure) . Furthermore, although the reductions in prednisone use and urgent care visits reached the .05 level of statistical significance, these reductions likely are not clinically relevant, because 15 and 32 patients, respectively,
Figure.
Mean values for measures of morbidity, lung function after the use of a bronchodilator, and bronchodilator reversibility during 9 years of follow-up after randomization to the budesonide, nedocromil, and placebo groups. A, Annual prednisone course rate. B, Annual urgent care visit rate. C, Postbronchodilator FEV 1 % of predicted. D, Postbronchodilator FVC % of predicted. E, Postbronchodilator FEV 1 /FVC. F, Bronchodilator reversibility. All data to the left of the vertical line on each graph were obtained during the trial when participants were treated regularly with budesonide 200 g twice daily, nedocromil 8 mg twice daily, or placebo. All data to the right of the vertical line on each graph were obtained during the posttrial follow-up period after regular treatment with study medications was discontinued.
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would have had to be treated with budesonide for 4.3 years to prevent 1 prednisone course and 1 urgent care visit per year during the posttrial follow-up. In contrast, only 2 and 10 patients, respectively, needed to be treated with budesonide to prevent 1 prednisone course per year and urgent care visit per year during treatment in the CAMP clinical trial. 5 Perception of symptoms and activity restrictions were similar across all 3 groups during the posttrial follow-up (Table III) .
Characterizing the treatment regimen subsequent to the CAMP trial as a discontinuation of regular treatment is supported by the reduction in ICS use in the budesonide group during the posttrial compared with the trial (31.3% of the time during the posttrial vs 96.8% of the time during the trial), the similar proportion of posttrial follow-up time receiving ICS in all 3 groups, the low rate of nedocromil use across all 3 groups (Ͻ 1% of the time in all groups), and the similar proportion of follow-up time not using asthma medication across all 3 groups (Table III) .
During treatment in the CAMP trial, regular use of budesonide resulted in significantly improved prebronchodilator, but not postbronchodilator, FEV 1 and FEV 1 /FVC compared with placebo; these effects were not seen in the nedocromil group during the CAMP trial.
5 At the end of the posttrial follow-up, participants treated earlier with budesonide or nedocromil exhibited no improvement in any lung function parameter except for a small (but statistically significant), 1.4% higher prebronchodilator FEV 1 /FVC % at the end of follow-up achieved in the nedocromil group compared with placebo. Given that nedocromil had no effect on either prebronchodilator or postbronchodilator FEV 1 /FVC during active treatment, the effect of nedocromil on prebronchodilator FEV 1 /FVC seen at the end of the posttrial follow-up likely is spurious.
The reductions in prednisone courses and urgent care visit rates seen as the participants were followed from mean age 8.9 years to mean age 18.1 years (Figure) are a particularly notable finding of this study. These reductions are consistent with the known improvement in the clinical course of asthma that occurs as children reach adolescence. 16 The reductions also could be related in part to a reluctance of the treating physicians to prescribe prednisone during acute exacerbations compared with the protocol-mandated use of prednisone for exacerbations during the trial. The reductions are not likely due to incomplete data collection, because there were 4 contacts each year (2 clinic visits and 2 telephone visits), with careful questioning about prednisone use and urgent care at each contact.
The inability of long-term treatment with either an inhaled corticosteroid or a mast cell stabilizer to modify the course of asthma after their discontinuation was observed against the background of the overall decrease in asthma morbidity. Results of regular treatment with anti-inflammatory medication, especially ICS, were most notably different from placebo early in the course of the trial, when symptoms and morbidity were most apparent. In the second year of regular treatment, the effects on spirometry began to wane, and by the end of the trial, levels returned toward those seen in the placebo group (Figure) . Outcomes of bronchodilator reversibility, annual prednisone course rate, and annual urgent care visit rate in the ICS-treated group were returning toward placebo levels by the end of the trial but were still different at that point (Figure) . The return toward placebo levels during the trial is unlikely to be due to reductions or discontinuation of use of ICS; the difference in methacholine responsiveness between the ICS and placebo groups persisted throughout the trial, with a rapid return of responsiveness in ICS-treated participants to placebo levels within 0.3 years after discontinuation. 5 The data obtained during the CAMP trial support the current guidelines recommending regular treatment with ICS for patients with at least mild persistent asthma. 4 At the end of the first year of treatment, symptoms, exacerbations, airway responsiveness, and FEV 1 were all improved.
5 At the end of 4 to 6 years of treatment, symptoms, exacerbations, and airway responsiveness were still improved, but FEV 1 had returned to levels seen in placebo-treated participants.
5 These results are similar to those from other studies of long-term ICS treatment in young children with recurrent wheeze, 17 school-age children with moderate asthma, 18 and school-age children and adults with recent-onset asthma. 6, 19 The follow-up of the CAMP participants after discontinuation of regular anti-inflammatory medication indicates that continued benefit of these medications likely requires continued use. This is similar to studies of young children with recurrent wheeze treated with ICS for 2 years 17 and school-age children with asthma treated with ICS for 28 to 36 months, 20 in which discontinuation of ICS was associated with a return to placebo levels for episode days and exacerbations requiring oral steroids 17 and increases in symptoms, additional bronchodilator use, and airway responsiveness 20 within several months, suggesting no long-term effect of treatment.
Questions remain about the long-term safety of inhaled anti-inflammatory agents, especially ICS. Results obtained during the 4.3 years of regular treatment with budesonide revealed a small decrease in height of 1.1 cm compared with placebo. At the last visit of the posttrial follow-up (mean time since randomization, 9.1 years), the reduction in growth in the budesonide group relative to placebo was less, but still noticeable, at 0.9 cm (P ϭ .01). This height decrease was seen only in girls. It should be noted, however, that 25% of the girls and 54% of the boys still had not achieved final adult height at the end of the posttrial period. These findings are in contrast to those of Tinkelman et al, 21 who observed more pronounced growth suppression in boys than girls treated with beclomethasone, but treatment was for only 1 year in that study. There were no effects of nedocromil treatment on growth. There were no differences between either budesonide or nedocromil and placebo in terms of bone density, fracture rate, psychological status, or asthma-specific quality-of-life at the end of the posttrial period.
More than 90% of the participants in the CAMP trial enrolled in the posttrial follow-up study. Despite differential enrollment among clinics, the participants in the follow-up study were similar at CAMP trial baseline to the nonparticipants; thus, the results of the follow-up study are not biased by incomplete enrollment.
Budesonide 200 g twice daily, and considerably less so nedocromil 8 mg twice daily, improved multiple dimensions of asthma control compared with placebo in children with mild to moderate asthma during the CAMP trial. But neither treatment had a clinically meaningful modifying effect on the course of asthma (clinical course, pulmonary function, or airway lability) during follow-up after regular use was discontinued and the participants received care from their primary care physicians based on NAEPP guidelines. ICS at doses used in the CAMP trial are generally safe and effective in controlling asthma for the long-term, but do have a small and significant effect on growth and do not have a durable effect on the course of asthma after discontinuation of continuous treatment. Selection of patients who would experience longterm benefit from regular use of anti-inflammatory medications is an ongoing clinical challenge that will likely require determination of individual asthma/allergy phenotypes and/or genotypes along with such factors as age, ongoing symptoms, and recent morbidity. Table II . Characteristics of participants in the posttrial follow-up study as of entry into the CAMP trial (n ‫؍‬ 941), by treatment group in the CAMP trial Bud, budesonide; Ned, nedocromil. The posttrial follow-up period began during March to June 1999, when study medication was discontinued for each participant, and ran through April 2004. *Rate has been adjusted for age at randomization (continuous), race or ethnic group (African American, Hispanic, or other), sex, clinic, duration of asthma at randomization (Ͻ 3 years, at least 7 years, or other), severity of asthma at randomization (moderate or mild), and skin test reactivity at randomization (any reactivity or none). †Defined as a fractured, broken, or cracked bone. ‡Outcome (value at end of posttrial follow-up) has been adjusted for age at randomization (continuous), race/ethnicity (African American, Hispanic, or other; 2 indicator variables), sex, clinic (7 indicator variables), duration of asthma at randomization (Ͻ 3 years, at least 7 years, other; 2 indicator variables), severity of asthma at randomization (moderate vs mild), skin test reactivity at randomization (any reactivity vs none), and the value of the outcome measure at randomization (continuous). The Pediatric Asthma Quality-of-Life outcomes are not adjusted for the value of the outcome measure at randomization, because the questionnaire was not obtained at randomization.
§Predicted values were obtained from Hankinson et al.
